The present study aims to evaluate the antioxidant and antibacterial activity of ethanol extracts from gamma-irradiated pomegranate (Punica granatum) peel powder (PE) at the dose levels of 0, 3, 6, and 9 
INTRODUCTION
Pomegranate (Punic granatum L., family Punicaceae) is one of the oldest edible fruits. It has been cultivated in many tropical, and subtropical regions and its cultivation has increased considerably in recent years. Egypt is one of the main producers and exporters of pomegranate in the world. According to statistics of the Egyptian Ministry of Agriculture, the total pomegranate production of Egypt in 2011 was 64,574 tons (1) . Pomegranate fruit is consumed fresh or as processed into juice, jams, syrup, and sauce. The edible part of the fruit constitutes about 52% of fruit weight. The composition of
EXPERIMENTAL

Materials
Mature pomegranate fruits, having no visible external cuts or spoilage, were purchased from the local market (Zagazig, Egypt). Fruits were manually peeled to separate peels and arils. Butylated hydroxyl toluene (BHT), 2,2-Diphenyl-1-picrylhydrazyl (DPPH˙), β-carotene, gallic acid, quercetin, Folin-Ciocalteu reagent, iron (III) chloride, and aluminum chloride were purchased from Sigma (St. Louis, MO, USA).
Methods
Preparation of pomegranate peel for extraction. Peels were rinsed with distilled water, and dried in oven at 45 о C for 72 h, then ground to a fine powder in a coffee grinder for 2 min. To remove fatty materials, the ground peels were soaked in n-hexane (2:10, w/v), then the powder was dried at 45 о C for 12 h. The obtained defatted dried peels powder was stored at -18 о C in polyethylene bags (each bag contained 100 g). Irradiation treatment. The irradiation treatment was carried out using a 60 Co Russian gamma chamber (dose rate 1.3 kGy/h) at the Nuclear Research Center (Atomic Energy Authority, Cairo, Egypt). The applied radiation doses were 3, 6, and 9 kGy for dried peels powder.
Preparation of PE extract (PE).
Samples of non-irradiated and irradiated dry peels powder (20 g ) treated with 3, 6, and 9 kGy were soaked individually into 200 mL ethanol (50%). All samples were shacked at room temperature for 7-8 h at a speed of 1000 vibration/min, then filtered through Whatman filter paper (No. 42). The residue was re-soaked again in 100 mL of solvent to ensure the complete extraction. The filtrate (extract) was subjected to rotary evaporator at 45 о C to reduce the volume to 10 mL. The obtained extracts were stored at -18 о C in brown bottles for further analyses. Determination of TPC. TPC was determined by the Folin-Ciocalteu method according to Arabshahi-Delouee and Urooj (15) . A volume of 200 µL of each extract was mixed with 1 mL of Folin-Ciocalteu's reagent (1 mL reagent with 9 mL distilled water). After 5 min, 1.5 mL of distilled water, and 1 mL of 75 g L −1 Na 2 CO 3 solution were added. The mixture was incubated in a shaking incubator at ambient temperature for 60 min. The absorbance at 760 nm was measured. Gallic acid was used as a standard for the calibration curve (correlation coefficient R 2 = 0.9944). TPC expressed as gallic acid equivalent (GAE) was calculated using the following linear equation based on the calibration curve: y = 0.0045 x + 0.0743 where y is the absorbance and x is the concentration (mg GAE g −1 extract).
Determination of TFC. TFC was determined according to Ordon et al. (16) . An aliquot of 0.5 mL of AlCl 3 ethanol solution (20 g L −1 ) was added to 0.5 mL of extracted solution. After 1 h, the absorbance of the mixture was measured at 420 nm. A yellow color indicated the presence of flavonoids. The extracted samples were evaluated at the final concentration of 0.1 mg mL −1 . TFC was expressed as quercetin equivalent (QE) (correlation coefficient R 2 = 0.9853), and calculated using the following equation based on the calibration curve: y= 0.0072 x where y is the concentration (mg QE g −1 extract), and x is the absorbance.
Antioxidant activity of extracts
The results of a single assay can provide a limited value of the antioxidant potential of a substance (17, 18) . Thus, the antioxidant potential of the extracts was determined using three procedures.
DPPH Radical-scavenging activity. The electron donation ability of the extracts was measured by bleaching of DPPH˙ according to Hanato et al. (19) . One hundred µL of each extract was added to 3 mL of 0.1 mM DPPH˙ dissolved in ethanol. After the incubation period of 0, 30, and 60 min at room temperature, the absorbance was determined at 517 nm against a control (20) . The percentage of DPPH˙ antioxidant activity was calculated as follows:
where A control is the absorbance of the control, and A sample is the absorbance in the presence of the extract. BHT was used as a positive control, and the analysis was performed in triplicate. β-Carotene/linoleic acid bleaching. The ability of the extracts and synthetic antioxidants to prevent the bleaching of β-carotene was assessed as described by Keyvan et al. (21) . In brief, 0.2 mg of β-carotene in 1 mL of chloroform, 20 mg of linoleic acid, and 200 mg of Tween-20 were placed in a round-bottom flask. After removal of the chloroform, 50 mL of distilled water was added, and the resulting mixture was stirred vigorously. The aliquots (3 mL) of the emulsion were transferred to test tubes containing the extract or the synthetic antioxidant (BHT). Immediately after mixing, 0.5 mL of the extract, an aliquot from each tube was transferred to a cuvette, and the absorbance at 470 nm was recorded (Abs0). The remaining samples were placed in a water bath at 50 o C for 2 h, then the absorbance at 470 nm was recorded (Abs 120). A control without extract was also analyzed. The antioxidant activity was calculated as follows: +3 to Fe +2 was determined by measuring absorbance of the Perl's Prussian blue complex. For this purpose, 0.1 mL of each extract was mixed with 1 mL of 0.2 M sodium phosphate buffer (pH 6.6) and 1 mL (1%) of potassium ferricyanide [K 3 Fe(CN 6 )]. The mixture was incubated at 50 о C. After 20 min of incubation, the reaction mixture was acidified with 1 mL of trichloroacetic acid (10%). Finally, 0.25 mL of FeCl 3 (0.1%) was added to this solution. Distilled water was used as the blank and control. The absorbance of the mixture was measured at 700 nm.
Antibacterial activity of the extracts
The antibacterial activity of the non-irradiated and irradiated PE was determined according to Baydar et al. (24) . Nutrient broth cultures of Bacillus cereus, and Staphylococcus aureus as a Gram positive bacteria, and Escherichia coli, Klebsilla penumoneae, Pseudomonas aeruginosa, and Salmonella typhumurium as a Gram negative strains were incubated at 35ºC for 22 h. The test organisms used in this study was obtained from the Culture Collections of the Department of Microbiology, Cairo University (Egypt). Suspensions (250 µL) of the bacteria were added to the flasks containing 25 mL sterile nutrient agar at 43-45ºC, and poured into Petri dishes (10 cm diameter). The agar was allowed to solidify at 4ºC for 1 h. Wells (8 mm in diameter) were made in media using a sterilized stainless steel borer. Each well was filled with 70 µL of the extract. The plates were left at room temperature for 30 min to allow diffusion of the extract into the medium. The plates were incubated at 37 о C for 18-24 h. The inhibition zones in mm (including the well diameter) around the wells were measured. Ethanol was used as a control sample (data not shown). The antibacterial activity was expressed as the diameter of the inhibition zones produced by the extracts against tested bacteria.
Application of 6 kGy-irradiated PE in beef sausage
Using of 6 kGy-irradiated PE in beef sausage as natural antioxidant and antimicrobial agents was studied. Fresh beef meat, mutton fat tissues, and lamb bowel (20 ± 2 mm diameter) were purchased from the local market. The hanks were washed with distilled water to remove the salt. The spices ingredients (fennel, black pepper, cardamom, cloves, cubeb, coriander, and laurel), salt, skim powder milk and garlic were purchased from the local market. Glucose, ascorbic acid, and sodium pyrophosphate were obtained from ElGomhoria Company (Zagazig, Egypt). The sausage was formulated according to Modi et al. (25) protocol (Table 1) .
The cuts of beef meat and mutton fat were minced in an electric mincer. Water (ice) was added in three stages to keep the temperature low. Salt, spices, and other additives were added in finality and the mixture was taken out of the bowl chopper. The obtained mixture was divided into three groups as follows:
1. First group was the control group. 2. Second group was divided into two parts: the first one corresponding to three concentration of 6 kGy-irradiated PE (3, 6 , and 12 mL/kg), and the second group was divided into two parts corresponding to the γ irradiation doses (3, and 5 kGy) after packaging in the lamb hank. 3. The final mixture was packaged in the lamb hanks by packaging machine (sausage). The sausage samples were packaged into polyethylene bags, and sealed tightly by heat to prevent recontamination under good hygienic conditions, and cold stored (4 о C) for periodical analyses. 
Analysis of sausage
Thiobarbituric acid reactive substances (TBARS) content and total volatile basic nitrogen (TVBN) content. The evaluation of lipid stability was performed by measuring TBARS content every 5 days during cold storage following the method of Witte et al. (26) . Ten g of sample were triturated with 25 mL of pre-cooled 20% trichloroacetic acid (TCA) in 2 M orthophosphoric acid solution for 2 min. The content was transferred into a beaker by rinsing with 25 mL of chilled distilled water. They were mixed and filtered through Whatman No. 1 filter paper. Three mL of TCA extract (filtrate) were mixed with 3 mL of TBA reagent (0.005 M) in test tubes, and heated in a boiling water bath for 30 min, then cooled. A blank sample was made by mixing 3 mL of 10% TCA, and 3 mL of 0.005 M TBA reagent. The absorbance was measured at 532 nm with a scanning range of 532 nm to 533 nm using a spectrophotometer (Unico, USA). The TBA value was calculated as mg malonaldehyde per kg of sample by multiplying the absorbance value by 5.2.
The TVBN was determined for muscle samples according to Mwansyemella (27) .
Microbiological analysis
Preparation of samples. For each experimental patch, three bags were used in each treatment for microbiological examination. Each bag was sterilized using wetted cotton by hydrogen peroxide before opening. Under aseptic conditions, the bag was opened and 10 g of well mixed samples was transferred into 90 mL of sterilized saline solution (0.85% NaCl) in a conical flask. Two duplicate sets of Petri dishes were used and 1 mL aliquots from 10 -1 to 10 -6 dilutions pipetted in standard plate count agar (PCA, Biolife cod. No. 402145) and melted in the following steam. The agar was cooled to [44] [45] [46] o C, then poured into Petri dishes. Immediately, the aliquots were mixed with the agar medium by tilting and rotating the Petri dish. After solidification, the Petri dishes were returned and incubated at 37 o C for 48 h. The growing aerobic colonies were counted, and multiplied by the dilution factor (28) .
Psychrophilic bacteria. Total psychrophilic bacteria were enumerated according to APHA (28) , wherein the incubation was carried out at 7 o C for 5 days in refrigeration. (28).
Statistical analysis. All the analyses were performed using three bags per each separate replicate. The data were statistically analyzed using the general linear model procedure of the SAS software (29) . The differences between the means were tested using Duncan's Multiple Range Test (30) . Table 2 shows the TPC of non-irradiated and irradiated PE at 3, 6, and 9 kGy. The data revealed that 6 kGy dose produced an increase in the TPC of PE from 9323.17 mg GAE 100 g -1 DW (control) to 9323.17 mg GAE 100 g -1 DW. However, the irradiation of the PE samples at 3, and 9 kGy reduced their TPC to 9196.05, and 8988.17 mg GAE 100 g -1 DW, respectively. The data listed in Table 2 present the TFC of the non-irradiated and irradiated PE samples at 3, 6 and 9 kGy. The sample treated with 6 kGy had an increase in TFC, which was 3067.35 mg QE 100 g -1 DW, compared to TFC of the control, and with those treated with 3 kGy which were 2998.05 and 3005.52 mg QE 100 g -1 DW, respectively. However, the 9 kGy reduced the TFC to 1717.44 mg QE 100 g -1 DW. This significant increase in TPC, and TFC could be due to the hydrolysis of tannins found in the pomegranate peels (having higher molecular weight), and the release of low molecular weight phenolic compounds (gallic acid, and tannic acid). The irradiation might break this complex to facilitate the release of bioactive ingredients, which could contribute to the increase in TPC (31 Original scientific paper 36 dose-dependent increase in TPC by depolymerization of the cell wall polysaccharides, which is known to increase the activity of phenylalanine ammonialyase, the enzyme responsible for the synthesis of phenolic compounds. Tables 3, and 4 show the increase in the three parameters of antioxidant activity evaluated (DPPH, βCB and FRAP) at 6 kGy, which was the dose that induced a higher antioxidant activity compared to the control, 3, and 9 kGy. Kumari et al. (31) found an increase in gallic acid levels and TPC in the water extract of triphala (Emblica officinalis), due to irradiation that led to an increase in the antioxidant potential. The irradiation caused either an increase or decrease in the antioxidant properties of fresh plants, which depended on the dose delivered, the raw material used, and exposure time. The enhanced antioxidant capacity (correlation with the TPC and antibacterial activity) of a plant after irradiation is mainly attributed either to the increase in enzyme activity (e.g., phenylalanine ammonialyase and peroxidase) or to the increased extractability of phenolics from the tissues (32) . The increase or decrease in the antioxidants of irradiated samples might also be due to the solvents used in the extraction (33) . However, depending on the technological criteria, the mechanism of the increase or decrease in the antioxidants can vary. The differences in the constituents of nutmeg oil and an increase in the levels of phenolic acids were detected after γ-irradiation, which was attributed to the degradation of tannins, and consequently to high extractability of phenolic acids (13) . On the other hand, the decrease in the antioxidants caused in PE of irradiated peel at 3 and 9 kGy compared to 6 kGy could be attributed to the formation of radiation-induced degradation products or the formation of free radicals (34). Breitfellner et al. (35) reported that γ-irradiation (1-10 kGy) of strawberries resulted in degradation of phenolic acids. The decomposition of phenolic acids was attributed to the formation of free hydroxyl radicals (OH . ) during treatment.
RESULTS AND DISCUSSION
Effect of irradiation on TPC and TFC of PE
Antioxidant activity of PE
Antibacterial activity of PE
The efficiency of PE at the dose levels of 3, 6, and 9 kGy on the antibacterial activity is presented in Figure 1 . All irradiated PE were effective against tested strains (Bacillus cereus, and Staphylococcus aureus as Gram positive, as well as Escherichia coli, Klebsiella penumoneae, Pseudomonas aeruginosa, and Salmonella typhumurium as Gram negative bacteria) with the differences between the strains variety and γ irradiation doses. This may be due to the strain sensitivity and effect of irradiation doses on the extract efficacy. A comparison of the antibacterial potential for the extracts shows that for all microorganisms the most effective was PE treated with 6 kGy, whereas 3 and 9 kGy had lower inhibitory activities. These results are in a good correlation with the TPC of PE. The 6 kGy-irradiated PE exhibited an increment in TPC, and TFC compared to 3 and 9 kGy treatment which caused reduction in TPC and TFC compared to the non-irradiated PE.
There has been no sufficient research in this field, to explain the effect of γ irradiation on antibacterial activity of pomegranate peel. Thus, Khattak et al. (36) showed that γ radiation did not have any effect on the antimicrobial activity of the Nigella sativa seed up to 10 kGy doses. Mishra et al. (37) found that the antimicrobial and sensory traits of tea samples were unaffected by radiation treatment up to 10 kGy.
Application of 6 kGy-irradiated PE in beef sausage
Physicochemical properties of sausage during cold storage. The analysis of TBARS measures the induction of secondary lipid oxidation products, mainly malonaldehyde, which might be responsible for the off-flavor of oxidized fat. Table 5 shows the effect of PE, and γ irradiation on TBARS (mg MDA/kg) of the sausages during cold storage. At the start, the TBARS of control sample was 0.456 mg MDA/kg, whereas it was increased in the treated samples, ranging between 0.474 and 0.516 mg MDA/kg for the sausage irradiated at 3 and 5 kGy, respectively. This increase caused by irradiation might be due to that fact that irradiation induced lipid oxidation through the hydroxyl radicals generated by ionizing irradiation in the meat products (38) . The increase in TBARS values may be due to the indirect effect of γ radiation through the liberation of free radicals upon the radiolysis of water, which enhances lipid oxidation (39) . On the other hand, the treatment with PE showed a decrease in the TBARS values compared to the control and irradiated samples at the starting time. In the beef sausage samples containing 3, 6, and 12 mL/kg of PE the TBARS values were lowered to 0.208, 0.188, and 0.179 mg MDA/kg, respectively. This reduction may be due to the presence of phenolic compounds in the PE, and their effect as antioxidants (Tables 2-4), which delayed lipid oxidation during the sausage formulation and storage. (44) found a positive correlation between the TPC of pomegranate as well as kinnow byproducts extracts, and the reduction of TBARS in cooked goat meat patties. Naveena et al. (45) found that pomegranate rind powder reduced the TBARS values in chicken patties. Even though the phenolic compounds reported to be mainly responsible for antioxidant traits in fruits, it is possible to assume a synergy between phenolic compounds.
In general, storage time had an impact on lipid oxidation in all investigated samples of beef sausage shown by an increase in TBARS values during cold storage. The data in Table 5 indicate that TBARS value of control sample was 0.898 mg MDA/kg at the rejected time (15 days). The increase in TBARS values in the PE-enriched samples was very slow, and remained the lowest (<0.9 mg MDA/kg sample) up to 50 days in the sample treated with 12 mL/kg PE. The high levels of phenolics contained in PE extract may cause its high antioxidant potential (8) . Pomegranate peel phenolics may act in a similar way as a reducer by donating electrons, and reacting with free radicals to convert them to more stable products, and terminate free radical chain reactions (42) . In addition, the TBARS values of the samples trod the same direction of increase as the effect of cold storage, and they were: 0.645, 0.719, 0.881, 0.710 and1.089 mg MDA/kg, corresponding to the rejected time of 30, 40, 50, 20 , and 30 days of storage for sausage containing PE at concentrations of 3, 6, and 12 mL/kg, and irradiated at 3, and 5 kGy, respectively. There was a correlation between the phenolic content and antioxidant effect of PE, and its role in the resistance to lipid oxidation.
The results of the present study show that the addition of gamma-irradiated PE to beef sausage delayed lipid oxidation. This can be ascribed to the ability of the phenolic compounds to dump the process of the free radical formation, and the propagation of free radical reactions through the chelation of transition metal ions (46) . The antioxidant potential of phenolics is associated with the hydroxyl group linked to the aromatic ring, which is capable of donating hydrogen atoms with electrons, and neutralizing free radicals, so this mechanism blocks degradation to more active oxidizing forms (47, 48) .
TVBN. The contents of TVBN in the formulated beef sausage samples containing PE, irradiated and control sausage samples were determined at the starting time and during storage, as shown in Table 6 . As can be seen from the table, the control samples of beef sausage had an initial content of 9.82 mg N/100g on wet weight basis for TVBN. The addition of PE at 3, 6, and 12 mL/kg, and irradiation treatment at 3, and 5 kGy had significant effects on the contents of TVBN in beef sausage samples as their contents amounted to 9.69, 9.60, 9.51, 9.44, and 9.65 mg N/100g on wet weight basis, respectively. Table  6 shows that TVBN values increased significantly in all samples during the storage, and it was the highest in the control. The data for the TVBN contents in all analyzed samples reveal that the effects of irradiation on the formation of TVBN agree with those obtained by many investigators who found that γ irradiation, and pomegranate extracts had no remarkable effects on the contents of TVBN (49, 50) . The TVBN is produced from degradation of proteins and nonprotein nitrogenous compounds, mainly as a result of microbial activity (50) . Moreover, the addition of PE, and application of γ irradiation lowered the rate of TVBN formation during cold storage of samples as compared with the control. This may be due to the inhibition of the microorganisms capable of producing those compounds through the application of PE and irradiation treatments.
Microbial quality of sausage during cold storage
Total bacterial count (cfu/g). The microbiological quality of meat products is dependent on a number of factors such as raw materials, hygienic conditions during the process, and storage period. The data in Table 7 show the effect of PE and γ irradiation on
Original scientific paper 41 total bacterial counts of beef sausage during cold storage. It can be seen that the control samples of beef sausage had an initial total bacterial count of 7.8x10 5 cfu/g. These results agree with those who found that sausage had an initial total bacterial count of more than 10 6 cfu/g (51) . The formulation of sausage samples with PE at concentrations of 3, 6, and 12 mL/kg had almost similar initial counts for total bacterial count, and they were: 7.7x10 5 , 7.6x10 5 and 7.5x10 5 cfu/g, respectively, compared to the control (7.8x10 5 cfu/g). Meanwhile, the initial count of the irradiated sausage samples showed a gradual decrease depending on the irradiation dose (4.9x10 4 and 7.1x10 3 cfu/g at 3 and 5 kGy, respectively), compared with the control sample. The subsequent refrigerated storage increased the counts of the total bacterial in all sausage samples but at higher rates in the control, whereas, their initial count reached 3.4x10 7 after 15 days of cold storage. At that time samples were rejected due to the increase in the total bacterial count to more than 1x10 7 cfu/g and/or sensory evaluations. In addition, the formulation of sausages containing PE at concentrations of 3, 6, and 12 mL/kg, and their irradiation at 3, and 5 kGy prolonged the shelf-life from 15 days for the control sausage to a long storage period, even when the total bacterial count reached 9.1x10 6 , 4.1x10 7 , 3.3x10 7 , and 2.9x10 7 2.1x10 7 cfu/g after 30, 40, 50, 20, and 30 days of cold storage, respectively. Similar results were also reported for fresh ground beef enriched with grape seed and pine bark extracts (52). Vaithiyanathan et al. (53) also reported a delay in the microbial growth in spent hen patties containing methyl gallate. Naveena et al. (45) reported an inhibition of microbial growth in buffalo meat streaks dipped in clove oil. PE was used to prolong the shelf life of chicken meat products by controlling bacterial growth and oxidative rancidity (54) . Therefore, the phenolics might have an effect on the microbial growth in the samples treated with PE, which may be due to the protein binding or enzyme inhibition (55) . These results provide evidence on the presence of antimicrobial bioactive compounds in the PE. These bioactive compounds can degrade the cell wall, damage membrane proteins, disrupt the cytoplasmic membrane, and interfere with membrane-integrated enzymes, which may lead to the cell death (56) . This antibacterial effect of all the extracts may be due to TPC which affect bacterial cell through the changes in the bacterial membrane physicochemical character, changes in the surface charge of cells to less negative values, compromise the integrity of the cytoplasmic membrane or alteration in the cytoplasmic membrane permeability and K + release (57) . Phenolics have been reported to exhibit antibacterial activities with distinguished characteristics in their reactivity with proteins related polyamides (58) . The inhibition of microorganisms by phenolics may be due to iron chelation or hydrogen bounding with vital proteins such as microbial enzymes (59 Original scientific paper 43 vulnerable to polymerization in air through oxidization reactions. Therefore, an important factor governing their toxicity is the extent of their polymerization. The oxidized condensation of phenols may result in the toxification of the microorganisms. On the other hand, polymerization can result in the detoxification of phenolics (60) . This supports the fact that polyphenols may be responsible for the antimicrobial traits of the extracts. Psychrophilic bacteria (cfu/g). Normally, the psychrophilic bacteria count in refrigerated foods was the main group among other bacteria group. The psychrophilic bacteria count is an important parameter of the microbiological quality of foods, especially refrigerated foods. The psychrophilic bacteria counts were determined in all samples containing PE at the concentrations of 3, 6, and 12 mL/kg, irradiated and control samples during storage, as shown in Table 8 . The data reveal that the initial count of total psychrophilic bacteria was 6.9x10 4 cfu/g in the control sample. The formulated beef sausage samples containing PE at the concentrations of 3, 6, and 12 mL/kg nearly had no almost changes in this initial count of the control samples at zero time, and were 6.7x10 4 , 6.5x10 4 and 6.3x10 4 cfu/g, respectively. Irradiation of the sausage samples at 3, and 5 kGy reduced the initial count of the control at zero time to 6.3x10 3 , 3.3x10 2 cfu/g, respectively. However, the storage of the samples at 4 o C gradually increased the counts of the total psychrophilic bacteria for all sausage samples, with higher rates in the control, where it reached 6.7x10 6 cfu/g. The count of psychrophilic bacteria increased to 5.4x10 6 5 , and 5.4 x10 5 cfu/g in the formulated beef sausage samples containing PE at the concentrations of 3, 6, and 12 mL/kg and those that received 3, and 5 kGy dose on day 30, 40, 50, 20 , and 30 days of storage, respectively. At that time, the samples were rejected due to the increase in the total bacterial count to more than 1x10 7 cfu/g and/or sensory evaluations. These results are close to those obtained by Badr (44) ; Badr and Ka-rema (51). The noticed variation in shelf-life between treatments based on the variation of the concentration of TPC added to the formulated sausage with PE, and its antimicrobial impact.
Total yeasts and molds (cfu/g).The molds, and yeasts counts are very important for indicated quality of foods. The data in Table 9 show the effect of addition of PE and irradiation on the yeasts and moulds counts during cold storage. The control had an initial count of 6.8x10 3 for yeasts and moulds. The samples containing PE at the concentrations of 3, 6, and 12 mL/kg had no changes in the initial counts of the control samples at zero time, and these were: 6.5x10 4 , and 7.8x10 3 cfu/g for the control and formulated beef sausage containing PE at the concentrations of 3, 6 and 12 mL/kg and irradiated at 3 and 5 kGy, respectively. The noticed variation in the shelf-life between the treatments are based on the variation in the concentration of TPC added to the formulated sausage as PE and their effect as antimicrobial agents.
Coliform group (cfu/g). The coliform group counts is a very important to indicator of the quality of foods. The coliform group counts were determined in beef sausage for all treatments during cold storage. The data in Table 10 indicate that the irradiation completely inhibited the coliform group counts in beef sausage samples treated with doses 3 and 5 KGy. However, the coliform group counts of the control sample were 3.6x10 2 cfu/g at zero time. The samples of formulated beef sausage containing PE at the concentrations of 3, 6, and 12 mL/kg had almost no changes in the initial count zero time as they were: 3.6x10 2 , 3.4x10 2 and 3.2x10 2 cfu/g, respectively. The effects of irradiation of the sausage samples at 3, and 5 kGy were not detected during the storage period. The control sausage samples, and formulated sausage containing PE at the concentrations of 3, 6, and 12 mL/kg were rejected after 15, 30, 40, 50, 20 , and 30 days of cold storage, at corresponding of the coliform group counts reaching 2.4x10 3 , 1.6x10 3 , 1.4x10 3 , and 2.1 x10 3 cfu/g, respectively, and were not detected for the samples irradiated with 3, and 5 kGy. The results of irradiation and cold storage were similar to those by Vural et al. (61) and Gumus et al. (62) . The noticed variation in shelf-life between treatments are due to the variation of concentration of TPC added to formulated sausage as PE, and its antimicrobial effect. 
CONCLUSION
The present study aimed to evaluate the antioxidant and antibacterial activity of ethanol extracts of irradiated pomegranate peel and the effect of PE on the shelf-life of beef patty. Generally, the obtained results indicate that irradiation of pomegranate peel at a dose level of 6 kGy enhanced the extraction efficiency, and extract efficacy. Ethanol extract of irradiated pomegranate peel at a dose level of 6 kGy may be considered as a good source of natural antioxidants with antibacterial activity which could be suitable as a potential ingredient for food products. Thus, these observations indicate that the selective extraction of the antioxidants from natural sources by appropriate solvent can be very important in obtaining fractions with high antioxidant activity. However, the random effect of irradiation treatment can be useful to enhance the antioxidant activity of pome-
